1. Introduction {#sec1}
===============

Secreted phospholipases A2 (sPLA2) form a class of structurally related enzymes that catalyze the hydrolysis of glycerophospholipids at the sn-2 position to release free fatty acids and lysophospholipids [@bib1], [@bib2], [@bib3], [@bib4]. Numerous intracellular and secreted PLA2 have been characterized and classified into different groups based on their structural features [@bib5]. They are characterized by a low molecular mass (13--18 kDa), the presence of several disulfide bridges, a broad selectivity for phospholipids with different polar head groups and fatty acid chains and a Ca^2+^-dependent catalytic mechanism. During the last decade, 11 different groups of sPLA2 have been identified in mammals: IB, IIA, IIC, IID, IIE, IIF, III, V, X, XIIA and XIIB [@bib4], [@bib5], [@bib6], [@bib7].

The molecular diversity of sPLA2 in animal venoms and more recently in mammals raises the possibility that similar and diverse sPLA2s can be found in various species.

Several studies in mammals showed that distinct secreted PLA2 appear in lung cells and some are able to trigger molecular events leading to enhanced inflammation and lung damage causing the acute respiratory distress syndrome (ARDS) [@bib8]. The latter is characterized by arterial hypoxemia, noncardiogenic pulmonary oedema and an alteration of pulmonary surfactant which increases surface tension at the air--liquid interface. sPLA2-IIA, -V, -X can directly hydrolyse lung surfactant phospholipids [@bib8]

Human PLA2-IIA (hPLA2-IIA) has been long considered as the principal group associated to the development of ARDS [@bib9]. However, it was recently demonstrated that only hPLA2-V and -X hydrolyse the pulmonary surfactant [@bib10] and that contrary to hPLA2-IIA, these two PLA2 are expressed in normal human lung. It was concluded that hPLA2-V is the principal sPLA2 implicated in ARDS. Indeed, recent study showed that transgenic mice overexpressing mPLA2-V dies immediately after birth due to the alteration of the surfactant composition, which was not observed in mice overexpressing the mPLA2-X [@bib11].

The growing interest in chicken diseases, such as avian influenza, led us to study bird sPLA2 to further gain some functional and pathological insights. Karray et al. have biochemically characterized an active sPLA2-IB from chicken pancreas (ChPLA2-IB) [@bib12]. Another biochemical and structural study of avian non-pancreatic PLA2 was performed from chicken intestine (ChPLA2-IIA) [@bib13]. We also demonstrated in a recent study that pure ChPLA2-IIA, but not ChPLA2-IB, displays potent bactericidal activity against gram-positive bacteria but lacks bactericidal activity against gram negative ones [@bib14].

Infectious bronchitis is one of the most important viral diseases in poultry and it causes major economic losses to the poultry industry. The etiologic agent in this lung disease is a coronavirus that belongs to the family of coronaviridae, genus Coronavirus, group 3 [@bib15]. In mammals, group 1 coronavirus belonging to the same virus family is responsible for severe respiratory acute syndrome. The group 3 coronavirus infects only avian and the acute bronchitis is characterized by tracheal rales, coughing, and sneezing and it is a highly contagious viral disease of the respiratory tract in chickens [@bib16]. This disease of poultry is common worldwide and has significant economic consequences [@bib17]. Although effective vaccines are available and utilized routinely in commercial poultry production, the virus has the tendency to mutate frequently [@bib16]. The prevalence and severity of respiratory diseases in commercial chicken flocks has increased recently due to the intensification of the poultry industry.

In the last few years, the screening of the exponential number of nucleic acid sequences generated by the genome projects has allowed to clone several mammalian sPLA2 members. The continuing flow of novel sequences and the accession to the genetic information from complete genomes of higher eukaryotes has let to identify novel chicken sPLA2 homologs.

Here, we report the first identification, sequence information, cloning, and expression profiling of several novel ChPLA2s belonging to groups IB, IIA, IIE, V and X. A comparison of the mammal's sPLA2 tissue distribution is also presented in order to propose functions for these newly identified proteins. We analyzed for the first time the expression pattern of these genes in the intestine, pancreas, heart, liver, colon, lung and spleen from both healthy chicken and chicken with inflammatory lung disease to establish possible gene coregulation and new biomarkers. Our data support the fact that several sPLA2 may contribute to the progression or modulation of infectious bronchitis in poultry.

2. Material and methods {#sec2}
=======================

2.1. Chicken tissues, total RNA extraction and cDNA synthesis {#sec2.1}
-------------------------------------------------------------

Several samples of pancreas, intestine, liver, heart, colon, lung and spleen were collected from both infected and uninfected chicken at the Institute of Tunisian Veterinary Research (IRVT, Sfax). The specimens were from 30 to 45 day-old chickens at the time of diagnosis.

The diagnostic was determined according to the pathologic examinations. The procedures were approved by the Institute of Tunisian Veterinary Research. The histological observations were determined on tissues sections. In addition, several histological normal chicken tissues were collected from animals with no clinical symptoms. These specimens were used as controls.

Total mRNAs were isolated from 100-mg tissue samples (stored at −80 °C before RNA extraction) using the single step guanidine isothiocyanate-phenol-chloroform isolation method as described by Chamczynski and Sacchi [@bib18]. ChPLA2 cDNA were obtained from total mRNAs by the reverse transcription procedure. First strand cDNAs were prepared using heat-denaturated (5 min at 70 °C) total mRNAs (10 μg) as template, 200 U MMLV reverse transcriptase (Invitrogen), 20 pmol of each deoxynucleoside triphosphate, and 20 pmol of each primer. Phospholipases genes were searched for in the draft *Gallus gallus* genomic sequence database (GenBank accession numbers are shown in [Table 1](#tbl1){ref-type="table"} ). The coding sequences of ChPLA2 were determined by reverse transcriptase--polymerase chain reaction (RT-PCR) amplification of mRNA from chicken tissues samples. Several primer pairs were designed to produce overlapping fragments, and finally the pairs shown in [Table 2](#tbl2){ref-type="table"} were used to clone the indicated cDNAs. Reverse transcription was carried out in a total reaction volume of 20 μl for 5 min at room temperature and 60 min at 42 °C. The cDNA/RNA heteroduplex was then denaturated at 70 °C for 15 min and cooled on ice.Table 1Summary of key features of the identified phospholipases from chicken (*Gg*) and human (*Hs*) and mouse (*M*) orthologs.Name (s)Chr.location *Gg*/*Hs*/*M*cDNA size (pb) *Gg*/*Hs*/*M*Protein size (aa) *Gg*/*Hs*/*M*Identity (%) *Gg/Hs* and *Gg*/*M*mRNA Accession numberPLA2-IB15/12q23.24/5447/435/441147/143/14663--59EU 617018PLA2-IIA21/1p34.36/4426/435/441 1141/143/14545--51XP 424264PLA2-IIE21/1p34.36/4435/429/429145/143/14342--42JF 411005PLA2-V21/1p34/4417/417/414138/139/13745--45JF 411004PLA2-X14/16p12.13/16468/570/456156/190/15245--42XP 414738[^1]Table 2Primers used for the cloning of chicken cDNA.GeneForward/reverseSequence (5′--3′)Melting Temperature (°C)ChPLA2- IBforward5′-ATGAGACTCTTGGCGTGCTTTTCTTG-3′56ChPLA2-IBreverse5′-GACAAGAAGAAATACTGCACCAGTTAA-3′56ChPLA2-IIAforward5′ GTGTGTGTGAATTCATGAACATAGCTCAGTTTGGTATC 3′60ChPLA2-IIAreverse5′ GTGTGTCTCGAGCTAGCAAGAGGGACGTGAGCC 3′60ChPLA2-IIEforward5′ GTGTGTGTGTGAATTCATGAGGAATCTCCTGCTCGCC 3′60ChPLA2-IIEreverse5′ GTGTGTGTTCTAGATCAGCACTGGAGCTTGCTGCC 3′60ChPLA2-Vforward5′ GTGTGTGTGAATTCATGAGCCTCTGGCAGCTGCAGGAG 3′55ChPLA2-Vreverse5′ GTGTGTCTCGAGTCACCTGCACTTGCACCTGGG 3′55ChPLA2-Xforward5′ GTGTGTGTGAATTCATGGGAATTCTTGAATTAGCTGGA 3′58ChPLA2-Xreverse5′ GTGTGTCTCGAGTTAATATCTACACAAAGGTTG 3′58

2.2. Cloning of the mature PLA2 gene {#sec2.2}
------------------------------------

Amplification of several specific ChPLA2 cDNAs was carried out by PCR using the single strand cDNAs as template with the forward and reverse primers described in [Table 2](#tbl2){ref-type="table"}. PCR was performed in a 0.2 ml Eppendorf tube with a Gene Amp^®^ PCR System 2700. The PCR mixture contained 20 pmol of both primers, 20 pmol of each deoxynucleoside triphosphate, 5 U pfu polymerase and polymerization buffer for a final volume of 100 μl. The single strand cDNAs were directly used as template. The thermal profile involved 35 cycles of denaturation at 94 °C for 1 min, primer annealing at an appropriate and optimized temperature for 1 min, and extension at 72 °C for 3 min.

The amplified products were subjected to 1% agarose gel electrophoresis and stained with ethidium bromide. Subsequently, each PCR product was excised from the gel and DNA was purified with a Gel Extraction Kit from Biogene. Next, the DNA was cloned into the Pet 21 (a+) vector (Invitrogen), the chemically competent DH10B *Escherichia coli* cells (Invitrogen) were transformed and plated on Luria--Bertani solid medium containing 50 μg/ml ampicillin. Insert-containing bacterial clones were screened with colony PCR using the above described PCR conditions and primers. Positive clones were incubated overnight at 37 °C in Luria--Bertani medium containing 50 μg/ml Ampicillin, and plasmid DNA was purified with Fast-Plasmid Mini kit (Eppendorf). DNA sequencing was confirmed by performing DNA sequencing (GATC, Germany).

2.3. Quantitative real time PCR {#sec2.3}
-------------------------------

Quantitative real time PCR (qPCR) was performed with the Light Cycler 480 system (Roche) using LightCycler FastStart DNA Master SYBR Green I-kit (Roche) according to the manufacturer's instructions. The qPCR conditions were as follows: 95 °C for 10 min; 45 amplification cycles at 95 °C for 10 s, annealing for 10 s (5 °C above melting temperature of the primer with lower value), elongation at 72 °C for 8 s (25 bp/s + 2 s), measurement of fluorescence at 81--92 °C for 1 s (see [Table 3](#tbl3){ref-type="table"} ). After amplification, melting curve analysis was performed as follows: 98 °C for 10 s; annealing temperature for 20 s; continuous temperature gradient to 95 °C with 5 acquisitions/s. The tissue cDNA samples (from animals and the indicated tissues and cells) were diluted 1/10 with nuclease free water, and the same cDNA dilution was used for all qPCR reactions. A fresh 10^−1^--10^−4^ serial dilution was prepared from each target gene to be analyzed starting from the 1/10 dilution of a purified PCR product, and every gene was measured twice independently with duplicate samples. From the serial dilution, 10^−1^--10^−4^ dilutions were used as an internal standard. As housekeeping genes, we measured the mRNA expression levels of chicken β*-actin*. The qPCR primers used are shown in [Table 3](#tbl3){ref-type="table"}. In qPCR, every gene had PCR efficiencies ranging from 1.902 to 1.972, as calculated from the internal standard; thus, no efficiency correlation was performed. The Light Cycler 480 Software (release 1.1.0.0520) with absolute quantification was used to calculate the concentrations and standard deviations of the samples. The concentration of the target gene was divided by the concentration of the housekeeping gene thus showing the relative expression of the mRNA in the tissue. This calculation was performed for all tissues analyzed. Standard deviations were calculated by multiplying the obtained relative value with the standard deviation of the target. The resulting relative and standard deviation values were scaled to a range of 0--10 including the standard deviations.Table 3Primers used for the qPCR analyzes (f) : forward; (r) : reverse.Primer nameSequence (5′--3′)PCR product sizeMelting temperature; Temperature of fluorescence measurement;ChPLA2-IB (f)AAGACTCTTGGCGTGCTTTTCTTGCTG20056;89ChPLA2-IB (r)GCTTGACAGCACCTGTCCAGTTCATCCA20056;89ChPLA2-IIA (f)AAGCTCTGGTGCTCCTCGTTGCCTT20060;90.5ChPLA2-IIA (r)CAGTCGTGGGCATGGCAGCACCAGTCG20060;90.5ChPLA2-IIE (f)GGCAGAGGGACCCCAGTGGA20070;92ChPLA2-IIE (r)CACGAAGCCACGGCCCTGTC20070;92ChPLA2-V (f)AATGCTCTCCTTGCATTGGCCATACTG20049;90ChPLA2-V (r)AGCTGGCAGCACTGTCTGTGCATCC20049;90ChPLA2-X (f)AAAAATCCTTGTCAGCTGCCGCTCGTG20060;88ChPLA2-X (r)TTGGGCCATCCCCTTCCTCCCAGGCCG20060;88Beta Actine (f)CACAGATCATGTTTGAGACCTT6060;85Beta Actine (r)CACAATACCAGTGGTACG6060;85

2.4. Statistical analysis {#sec2.4}
-------------------------

Results are expressed as the mean +/− SEM for the indicated number of independently performed experiments. Comparisons between values were analyzed by Student's *t* test for unpaired data, and *p* \< 0.05 was considered significant.

3. Results {#sec3}
==========

3.1. Identification and sequencing of novel chicken sPLA2, structural features {#sec3.1}
------------------------------------------------------------------------------

Chicken phospholipases A2 were identified from the draft chicken genomic database using sequences from the human orthologs. The nomenclature of the human PLA2s as suggested by Wilson and Schusterwoldan [@bib19] is adopted throughout this text. PCRs were then performed to amplify the corresponding cDNAs using total mRNA from chicken pancreas, intestine, heart, colon, liver, lung and spleen tissues as template. The resulting DNA fragments were cloned and sequenced. Using this approach we obtained the full-length cDNA coding ChPLA2-IB, ChPLA2-IIA, ChPLA2-IIE, ChPLA2-V, and chPLA2-X. The cDNA sequences of these chicken PLA2s ([Fig. 1](#fig1){ref-type="fig"} ) were deposited in the GenBank database under the accession numbers [EU617018](ncbi-n:EU617018) (ChPLA2-IB), GU474517 (ChPLA2-IIA), JF411005 (ChPLA2-IIE) JF411004 (ChPLA2-V) and GU474518 (ChPLA2-X). The data concerning the newly identified chicken cDNAs and proteins are summarized in [Table 1](#tbl1){ref-type="table"}, together with the available informations on human and mouse orthologs. When full-length clones could be obtained, the sizes of the predicted proteins were found to be similar to those of human sPLA2s, lending support to the assigned designations of the galline phospholipases A2.Fig. 1Nucleotide sequences of the cDNA of ChPLA2s and deduced amino acid sequences. Sequencing was performed in triplicate with three independent PCRs. A: ChPLA2-IB, B: ChPLA2-IIA, C: ChPLA2-IIE, D: ChPLA2-V and E: ChPLA2-X.

Amino acid sequence alignment of the five chicken sPLA2 that have been cloned in this work and the corresponding human sPLA2 is presented in [Fig. 2](#fig2){ref-type="fig"} , and the degrees of sequence identity are shown in [Table 1](#tbl1){ref-type="table"}. Based on their structural features, chicken group IIA and group IIE sPLA2 are clearly members of the group II collection of sPLA2 [@bib1], [@bib4], [@bib5], [@bib6], [@bib20], [@bib21], [@bib22]. Indeed, both sPLA2 display the specific features of group II sPLA2, including a cystein residue at position 50 and a cystein residue that terminates the group II-specific C-terminal extension of 7 residues ([Fig. 2](#fig2){ref-type="fig"}). A BLAST search for homology with the ChPLA2-X protein sequence revealed that this protein has the highest identity level (45%) with hPLA2-X [@bib21]. In contrast, the identity level of ChPLA2-X to other *Gallus gallus* sPLA2 is lower than 38%. In addition, ChPLA2-X shares with hPLA2-X the same structural features [@bib23]. It is predicted that ChPLA2-X consists of 31-amino acid prepropeptide sequence ending with a basic dipeptide (R--R) and a mature protein of 124 residues compared with the human (same dipeptide R--R) and the mouse PLA2-X which is made of a 28-amino acid prepropeptide sequence ending with a basic dipeptide (K--R) and a mature protein of 123 residues. Like hPLA2-X and mPLA2-X, ChPLA2-X has 8 conserved disulfides bridges but it has a group II like C-terminal extension of 9 residues instead of 8 ([Fig. 2](#fig2){ref-type="fig"}).Fig. 2Comparison of the conserved chicken and human phospholipase A2 core modules. The GenBank accession numbers for the chicken, mouse and human sequences are provided in [Table 1](#tbl1){ref-type="table"}. The identities between full-length PLA2 sequences of the human and chicken proteins are for sPLA2-IB, 63%; sPLA2-IIA, 45%; sPLA2-IIE, 42%; sPLA2-V, 54% and sPLA2-X, 45%. Overall, the sequences show little conservation. The active-site motifs, however, are well conserved. The phospholipase consensus motif with the catalytic HD catalytic diad, CCXXHDX, is fully conserved. In addition, the calcium loop consensus sequences YGCXCGXGG is conserved in several sPLA2 sequence. We note also a conserved arrangement of Disulfides Bridge. Identical amino acids in all 5 proteins are marked with an asterisk (∗), conservative substitutions with a colon (:), and semi-conservative substitutions with a period (.).

The sequence identity among the active site domain and calcium binding segment is low. However, the central catalytic domain with the active site and the calcium loop motif are well conserved ([Fig. 2](#fig2){ref-type="fig"}). The histidine of HD catalytic diad is thought to function as a general base to deprotonate a water molecule as it attacks the substrate ester carbonyl carbon, and the ß carboxyl aspartate coordinates directly to the catalytic Ca2+ cofactor [@bib24], [@bib25]. Conserved active site CCXXHDXC and calcium loop YGCXCGXGG consensus sequences are present like in several mammal sPLA2. A sequence alignment of the core modules of galline and human sPLA2 is shown in [Fig. 2](#fig2){ref-type="fig"}.

Within the PLA2 super family, the sequences in the vicinity of the active site motifs are well conserved ([Fig. 2](#fig2){ref-type="fig"}). Because the structural arrangement of disulfides has been the main bases for designating the different sPLA2 group numbers, the naming of the new chicken sPLA2 as group IB,IIA and IIE (with 14 cysteines), group V (with 12 cysteines) and group X (with 16 cysteines) seems to be appropriate. Moreover, the high levels of identity with the human orthologs support the names given to the chicken enzymes identified in this work.

The core module of human, mouse and chicken phospholipases shows that the residues of the active site of mPLA2-IB and ChPLA2-IB are identical; only a threonine residue (T47) is replaced by an alanine residue (A 47) in chicken sPLA2. Moreover, the residues R 43, V 46 and T47 in human and mouse PLA2-IIA are different from the chicken one and they are substituted by W43, H46 and A47. Furthermore, Cysteine 50 is preceded by H49 in hPLA2-V, R49 in mouse and T49 in chicken ChPLA2-V. The active site is well conserved in the case of group IIE PLA2, except W43 (in human and mouse) which is replaced by T43 in chicken. Interestingly, the calcium loop contains identical sequences in mammals and bird PLA2 group IB, IIA, IIE, V and X. Only Y28 in human and mPLA2-IIE is replaced by F28 in chicken.

3.2. Expression levels of sPLA2 genes in normal chicken tissues {#sec3.2}
---------------------------------------------------------------

To analyze the tissue expression profiles of sPLA2, we measured the relative abundance of mRNA coding for ChPLA2-IB, -IIA, -IIE, -V and -X in several organs and tissues using the quantitative real time PCR ([Fig. 3](#fig3){ref-type="fig"} ). The data were normalized relatively to the levels of β-actine used as the house keeping gene. The results show marked differences between sPLA2s with the highest relative expression levels for group IB and group IIA sPLA2 in the pancreas ([Fig. 3](#fig3){ref-type="fig"}A) and the intestine ([Fig. 3](#fig3){ref-type="fig"}B), respectively. The pancreatic-type sPLA2-IB showed a significant widespread tissue distribution, including lung where its relative expressed level reached 4.038. The relative quantification results show that the ChPLA2-IB is expressed at very high levels in pancreas (43.152) and at lower levels in lungs (4.038), liver (3.934), colon (1.375) and intestine (1.016) ([Fig. 3](#fig3){ref-type="fig"}A).Fig. 3Comparison of mRNA expression profiles of PLA2s in normal and infection bronchitis tissues. a: ChPLA2-IB, b: ChPLA2-IIA, c: ChPLA2-IIE, d: ChPLA2-V and e: ChPLA2-X. Gene-specific primers were used to determine the expression profiles of the avian PLA2. Each chicken gene was analyzed twice independently using the Light Cycler 480 system. Error bars represent the observed standard deviation. The relative expression values were scaled to a range of 0--100. The values shown were calculated using β-actin as the housekeeping gene. Results are expressed as the mean +/− SEM percentage of the control value (*n* \_ 3).∗*p* \< 0.05, ∗∗*p* \< 0.01, ∗∗∗*p* \< 0.001.

ChPLA2-IIA was found to be expressed at very high levels in the small intestine with a relative expression level of 9.442, and at lower levels in heart (2.034), liver (2.473) and lungs (1.049). A low expression level was also detected in colon (0.081) and there was no expression in the pancreas ([Fig. 3](#fig3){ref-type="fig"}B).

The highest relative expression level of ChPLA2-IIE was observed in lungs ([Fig. 3](#fig3){ref-type="fig"}C). The expression level in other tissues was found to be similar to that of ChPLA2-IIA since it was detected at a high level in the small intestine (6.334) but at a moderate level in heart (1.365) and liver (0.574).

[Fig. 3](#fig3){ref-type="fig"}D shows that the expression patterns of ChPLA2-V resemble to that of mammals with the highest expression levels in the heart (6.83) and intestine (5.235), and to a lower extent in the liver (3.01). ChPLA2-V was not detected in lung, spleen and colon.

Finally chicken sPLA2 group X ([Fig. 3](#fig3){ref-type="fig"}E) was found to be expressed in lung (4.32), in small intestine (2.067), in spleen (3.116), and in heart (2.421). The lowest relative expression level was observed in colon (2.16) and its expression was not detectable in pancreas nor in the liver ([Fig. 3](#fig3){ref-type="fig"}E).

3.3. Expression levels of sPLA2 genes in chicken with infectious bronchitis {#sec3.3}
---------------------------------------------------------------------------

We have analyzed the expression pattern of sPLA2 group IB, IIA, IIE, V and X in chicken with infectious bronchitis disease. The expression levels of each sPLA2 gene in the infected birds *vs* healthy ones are represented in [Fig. 3](#fig3){ref-type="fig"}. Interestingly, the expression levels of ChPLA2-IB and ChPLA2-IIA in lungs decreased about 30- and -12 folds, respectively ([Fig. 3](#fig3){ref-type="fig"}A and B). The same behavior was observed in liver. Conversely, we found that ChPLA2-V was expressed in lungs of infected chicken whereas this sPLA2 was not expressed in the lungs of healthy chickens. In addition to the sudden expression of ChPLA2 group V in infected lungs, ChPLA2 also appeared to be expressed at lower levels in the spleen to lower extent, whereas ChPLA2-V expression in the small intestine and the heart was abolished. Only the expression of ChPLA2-IIE did not change in inflamed chicken lung compared to normal ones.

Whereas ChPLA2-IIA in normal chickens was expressed at significant levels in several tissues including intestine, heart, liver, lung and spleen, the expression of this enzyme in the pulmonary infected chicken's tissues was very low. The relative expression levels were 0.974 and 0.882 in the intestine and heart of infected chicken, respectively. However, the expression was below the limit of detection in many infected tissues (0.0875 and 0.0152 in lung and spleen, respectively) ([Fig. 3](#fig3){ref-type="fig"}). ChPLA2-IIA expression only increased in the colon.

The expression level of ChPLA2-IB was significantly increased ([Fig. 3](#fig3){ref-type="fig"}A) and a high expression of ChPLA2-X appeared ([Fig. 3](#fig3){ref-type="fig"}E) in the pancreas of infected chicken.

Contrary to all the other sPLA2 genes tested, quantitative PCR showed no significant variations in the expression levels of ChPLA2-IIE in lungs and small intestine, but an increase of its expression level was significantly observed in heart, liver, spleen and colon ([Fig. 3](#fig3){ref-type="fig"}C).

4. Discussion {#sec4}
=============

4.1. sPLA2 gene expression level in normal chicken organs {#sec4.1}
---------------------------------------------------------

To our knowledge, this is the first study providing insights into the avian secreted phospholipases A2. The significant degree of sequence conservation between the chicken and mammalian (human and mouse) secreted PLA2s suggests that these enzymes play important roles in both birds and mammals. The sequence alignment of the various chicken sPLA2 with cloned human and mouse orthologs shows that they share similar features, including conserved positions of cysteines, a strong similarity of the putative Ca^2+^ binding loop consensus sequences YGCXCGXGG and the active site consensus sequence CCXXHDXC.

A crucial question that remains to be answered concerns the tissues and cells distribution, the physiological roles and the mechanisms of action of bird sPLA2. In this study, the mRNA levels of various sPLA2 in chicken were investigated. Our data show significant differences in the relative expression of these sPLA2. Group IB and group IIA sPLA2 were found to be the most abundant sPLA2, at least in some chicken tissues including pancreas and small intestine (43.15 and 9.45 relative expression level, respectively, in healthy chickens). This is probably the reason why ChPLA2-IB and ChPLA2-IIA could be purified and characterized from pancreas and intestine respectively [@bib12], [@bib13]. A similar distribution of sPLA2-IB and -IIA has been also observed in human and mouse tissues at the mRNA level [@bib26] and at the protein level [@bib27], [@bib28], [@bib29], [@bib30].

Outside the gastrointestinal tract, ChPLA2-IB was found to be expressed at moderate levels in lung and liver and at low levels in spleen. These results are in agreement with a previous study in the mouse showing that both mPLA2-IB mRNA and protein were present in lung, spleen and thymus [@bib31]. Although sPLA2-IB has long been proposed to act mainly as a digestive enzyme in the gastrointestinal tract [@bib27], qPCR results suggest that this enzyme can play other physiological roles. Gene knock-out mice suggested a role of this enzyme in some obesity mechanism [@bib32]. Mammalian sPLA2-IB seems also involved in cell proliferation, lipid mediators release and acute lung injury [@bib33], [@bib34], [@bib35], [@bib36].

Concerning ChPLA2-IIA, it is by far mainly expressed in the small intestine. This expression level was found to be in agreement with previous data in all tested species [@bib37]. In mammals, the expression levels of sPLA2-IIA were very low in both spleen and colon, while moderate in heart, liver, lung and pancreas.

Surprisingly, the gene encoding ChPLA2-IIA enzyme was not found to be expressed in chicken pancreas, whereas it was detected by qPCR in the mouse [@bib31] and by northern blotting in humans [@bib6]. In agreement with previous data showing strong expression of human, rat and mouse group V sPLA2 in heart [@bib38], ChPLA2-V was found to be expressed at high levels in heart. Interestingly, it was also detected with moderate relative expression level in the small intestine and liver of bird. In contrast, it was not detected in lung, spleen nor in colon, whereas, analysis of sPLA2-V gene expression in the mouse using qPCR showed its expression in lung spleen and colon [@bib31]. This sPLA2 was also detected in murine macrophages and mastocytes, where it plays a role in lipid mediator production [@bib39], [@bib40], [@bib41].

Finally, ChPLA2-X was found to be expressed with moderate levels in lung, small intestine, colon, heart and spleen ([Fig. 3](#fig3){ref-type="fig"}E). Using qPCR, similar results were observed in mammals with a highest mRNA expression level in colon [@bib31]. It is worth noticing that ChPLA2-X was neither detected in the pancreas nor in the liver. A fairly expression of mPLA2-X was also observed in stomach, indicating that mPLA2-X expression is not exclusive to testis but present in a few number of tissues. Surprisingly, the tissue distribution pattern of hPLA2-X appears very different from that of mPLA2-X and it is expressed in spleen, thymus, blood leucocytes, lung, colon, and pancreas [@bib21]. Using *in situ* studies, hybridization of human lung biopsies showed that only hPLA2-V and -X were expressed in airway epithelium [@bib42]. More recently, it has been shown that the levels of sPLA2-IIA was shown to be present at high levels in lungs of ARDS patients [@bib43].

Our current results obtained at the mRNA levels clearly indicate that ChPLA2-IB and ChPLA2-IIA are by far the most abundant enzymes at least in some chicken tissues including intestine and pancreas. Whereas, ChPLA2-V and ChPLA2-X, are expressed at fairly high levels. In addition, the low mRNA expression level of ChPLA2-IIE explain our incapacity in measuring of the sPLA2 activities in chicken organs.

4.2. Down regulation of sPLA2 group IB, IIA and X gene expression in chicken lung inflammation {#sec4.2}
----------------------------------------------------------------------------------------------

The infectious bronchitis virus, a group 3 coronavirus (CoV), causes a costly viral disease in chicken [@bib16]. It is responsible of acute respiratory disease syndrome (ARDS) in chickens at all ages and then a loss of production. Upon infection, the virus is present in the respiratory system, the gastrointestinal tract, liver, spleen and kidney and it induces serious lung injury [@bib16]. The CoV infecting humans is responsible for severe respiratory acute syndrome [@bib17] characterized by hypoxemia and non cardiogenic pulmonary oedema [@bib8]. The comparative gene expression of sPLA2 in healthy chickens and chickens with infectious bronchitis was performed here for the first time. A marked decrease by 30-, 12- and 2-fold in the respective expression levels of ChPLA2-IB, ChPLA2-IIA and ChPLA2-X was observed in infected chicken lung. Indeed, ChPLA2-IIA was found to be present in several tissues at high and moderate level of normal intestine, heart liver and lung, and its expression was markedly reduced in avian infectious bronchitis ([Fig. 3](#fig3){ref-type="fig"}). These findings suggest a down regulation of sPLA2 gene expression as an immunity response, to limit for instance the hydrolysis of lung surfactant by these enzymes. In a previous work, Vial et al. [@bib44] reported that the expression of sPLA2-IIA in alveolar macrophages is down-regulated by an inflammatory stimulus suggesting a possible negative control of sPLA2-IIA during alveolar macrophages activation. In several other studies, Touqui et al. have suggested a mechanism of down regulation of sPLA2-IIA by the lung surfactant and intracellular AMPc in alveolar macrophages [@bib45].

4.3. Over expression of sPLA2-IB and appearance of a high sPLA2-X expression in the pancreas of infected chickens {#sec4.3}
-----------------------------------------------------------------------------------------------------------------

We noticed a marked increase in the expression level of ChPLA2-IB (from 43,15 to 107.43) in the pancreas of infected chickens. This observation could be related to an anatomical particularity in chickens, in which there is no sharp boundary between digestive and respiratory system due to the absence of diaphragm as the case in mammals [@bib46]. It is worth noticing that hPLA2-IB has been detected in serum of patients with ARDS but not in healthy controls [@bib47] and it can be used as a diagnostic and prognostic marker for future development of ARDS [@bib48]. The enzyme has also been implicated in complications of severe acute pancreatitis [@bib47], [@bib49], a recognized risk factor in ARDS. ChPLA2-X, totally absent in healthy chicken pancreas, was found to be highly expressed in infected chicken pancreas (104.78). The sPLA2-X could therefore be considered as a good marker in pulmonary disease. Since pancreatic enzymes such as sPLA2-IB can be found in the blood of patients, it would be interesting to investigate the presence of sPLA2-X in the blood of infected chicken using specific antibodies.

4.4. Drastic changes in the tissue-specific expression of sPLA2-V gene in lung inflammation {#sec4.4}
-------------------------------------------------------------------------------------------

A marked increase in ChPLA2-V expression level was observed in infected chicken lungs. In fact, no or very weak sPLA2 expression was observed in normal chicken lungs and spleen, suggesting a specific role of this group of sPLA2 in pathological situation.

Because of its up regulation in infected lungs, and the negative variations observed in the expression levels of ChPLA2-IB, -IIA and -X in the lungs, only PLA2-V can be considered as a specific biomarker of the infectious bronchitis disease in chicken.

The majority of sPLA2 are up-regulated by proinflammatory stimuli such as bacterial lipopolysaccharide (LPS), which predominantly increases the expression of group V sPLA2. Furthermore, it has been recently shown that sPLA2-V is a critical messenger in the regulation of cell migration. Lapointe et al. [@bib50] investigated the effect of sPLA2-V on lipopolysaccharide mediated leukocyte recruitment supporting the contribution of sPLA2-V in the development of inflammatory innate immune response and its ability to modulate adhesion molecule expression. Indeed, immunohistochemistry studies revealed that sPLA2-V, is expressed in the airways of patients with pneumonia but not those of normal individuals [@bib51].

Regarding sPLA2-V, it has a specific function related to phagocytosis in humans. The ability of sPLA2-V to regulate phagocytosis is specific and not shared with other phospholipases such as cPLA2α nor sPLA2-IIA [@bib52]. Moreover, it was shown that activated cells secrete sPLA2-V which exert transcellular lipolytic activity on neighboring inflammatory cells [@bib53]. The elevation of sPLA2-V expression in mice lungs with severe inflammation can be associated with an ongoing surfactant hydrolysis often observed in lung dysfunction [@bib11]. In addition to the increase of gene expression level of ChPLA2-V in lungs, we observed an increase in its expression level in spleen, as well as, the decrease in ChPLA2-IB, -IIA and -X in lungs followed by a decrease in the expression level in spleen. These observations give evidence for a role of regulation of their expression by an immune system in case of inflammation.

4.5. Group IIE expression level in uninfected and infected chicken {#sec4.5}
------------------------------------------------------------------

ChPLA2-IIE expression was increased significantly in heart liver and spleen of infected chicken. In the lung, pancreas and intestine, ChPLA2-IIE expression did not change upon lung inflammation. These results are in agreement with previous works showing a constitutive expression of mPLA2-IIE in the spleen, heart and colon in control mice, its lipopolysaccharide-dependent induction in the liver, kidney, small intestine and testis, as well as a low expression in the lung and stomach [@bib54].

5. Conclusion {#sec5}
=============

In conclusion, this work presents the first comprehensive data regarding the expression of several sPLA2s in chicken infectious bronchitis. The distinct expression pattern observed for ChPLA2 genes suggests that mRNA profiling of the full set of chicken sPLA2s could be useful to detect lung inflammation in poultry. We have observed a dramatic increase in ChPLA2-V expression in both lungs and spleen which strongly supports that sPLA2-V may represent a novel broad molecular biomarker of infectious bronchitis. It will be now of interest to search for the presence of the ChPLA2-V protein and other sPLA2 in chicken serum using specific antibodies raised against the recombinant sPLA2 that have been cloned.
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[^1]: The currently known nomenclature of *Gallus gallus* PLA2s for all gene products is listed under Name(s). Chromosomal locations of the genes, size of the cDNAs and proteins, location of the proteins, % identities between the chicken and human proteins, and accession numbers of the mRNAs, are listed with the relevant references.
